Aims: Ghrelin, a feeding-related peptide mainly produced in the stomach, has been linked to reward mechanisms for food and drugs of abuse in addition to traits of impulsivity. This study is a secondary analysis of an existing data set designed to examine the direct relationships between fasting ghrelin levels and reward sensitivity/impulsivity in healthy social drinkers. Methods: Participants (n = 20) were recruited from an original study examining the subjective effects of alcohol among social drinkers. Fasting ghrelin levels were collected at baseline. Personality measures (Behavioral Inhibition, Behavioral Activation, and Affective Response to Impending Reward and Punishment and Barratt Impulsiveness Scale) were administered at baseline to evaluate sensitivity to reward and punishment, and measure traits of impulsivity, respectively. Results: Fasting ghrelin levels were significantly related to reward sensitivity and impulsivity traits. Specifically, those with higher ghrelin levels were more sensitive to reward and were more impulsive (have lower self-control).
INTRODUCTION
Reward processing is a multifaceted and well defined construct (Berridge and Kringelbach, 2008; Berridge et al., 2009) . Broadly speaking reward processing consists of anticipatory and consummatory aspects. Individual differences and large variability in sensitivity to reward, however, have been long recognized (Gray, 1987) . One prominent reward theory, the Reinforcement Sensitivity Theory (Gray and McNaughton, 2000; Corr, 2004) , distinguishes between processing of punishment and reward, respectively, as the aversive, behavioral inhibition system (BIS) and the appetitive, behavioral activation system (BAS). Dysregulation of the reward system (greater sensitivity to reward) has been linked to a variety of psychological disorders including eating disorders and substance use disorders (Davis et al., 2007; Davis and Woodside, 2002; Franken, 2002; Johnson et al., 2003) , as well as specific personality traits such as impulsivity (Dissabandara et al., 2014) .
Reward mechanisms found in the mesolimbic dopamine pathways are involved in the reward for food and addictive drugs as well as in the regulation of impulsive behaviors (Schag et al., 2013a; Wise, 2013; Jerlhag et al., 2007; Dalley and Roiser, 2012) . Interestingly, dopamine is modulated by a hormone mainly produced and synthesized by the endocrine X/A-like cells in the stomach-ghrelin (Abizaid et al., 2006; Skibicka et al., 2011) . Ghrelin acts centrally as well and binds to G-protein coupled receptors which are expressed primarily in the hypothalamus and brainstem, and stimulate growth hormone secretion (Katayama et al., 2000) . The enzyme ghrelin O-acyl transferase (GOAT) has been recognized as having an essential role in ghrelin's physiology because it is thought to be responsible for ghrelin acylation (Ritze et al., 2016) . Ghrelin receptors have also been identified in the hippocampus, the ventral tegmental area (VTA) and laterodorsal tegmental area (LDT)-areas involved in the rewarding and hedonic properties of food and other substances (Guan et al., 1997) . It has been shown that ghrelin crosses the blood-brain barrier but its central, physiological function has not as yet been clearly defined (Banks et al., 2002; Nakazato et al., 2001) . Ghrelin (Jerlhag et al., 2009; Menzies et al., 2013) is also positively correlated with traits of impulsivity in animals (Velázquez-Sánchez et al., 2014; Anderberg et al., 2016) and humans (Galanti et al., 2007; Engel et al., 2005) .
Higher ghrelin levels have been linked to stronger preferences for high calorie food, more palatable food and greater food consumption (Goldstone et al., 2009; Kroemer et al., 2012; Beaver et al., 2006) . Our group was the first to show that fasting ghrelin levels were linked to reward for alcohol. More specifically, we showed that higher fasting ghrelin levels were related to stronger and more intense experiences of subjective stimulant and sedative effects of alcohol (Ralevski et al., 2017) . Higher ghrelin levels have also been linked to higher levels of impulsivity (Atmaca et al., 2006) . For example, it has been found that individuals with higher reward sensitivity and impulsivity scores are more likely to eat more or have eating disorders (Galanti et al., 2007; Schag et al., 2013b) and that individuals who have attempted suicide (often associated with higher levels of impulsivity) have significantly higher ghrelin levels than controls (Atmaca et al., 2006) .
The direct relationship between ghrelin and reward sensitivity/ impulsivity, however, remains largely unexplored. The present study was a secondary analysis of previously published data (Ralevski et al., 2017) and was designed to examine the relationship between reward sensitivity/impulsivity and fasting ghrelin levels in the same sample of healthy social drinkers. We hypothesized a positive relationship between ghrelin levels and reward sensitivity/impulsivity; those with higher ghrelin levels will be more sensitive to reward and show greater impulsivity than those with lower ghrelin levels.
METHODS

Subjects
Participants were those recruited for the original study (Ralevski et al., 2017) , and represented a small subset of consecutively recruited subjects in a large trial that examined the subjective effects of alcohol in healthy social drinkers (Kerfoot et al., 2013) . The same inclusion/exclusion criteria applied to this sample (for details see Ralevski et al., 2017; Kerfoot et al., 2013) , and included young (21-30 years old), healthy social drinkers with no history of Axis I disorders. The study was approved by the Yale University Human Subject Committee (HIC) and VA Healthcare Human Subject Subcommittee (HSS). All participants signed consent before any procedures were performed.
Procedures
All participants were carefully screened, and evaluated for eligibility on their first visit. Those that met the inclusion/exclusion criteria were invited to participate in three randomly assigned, counterbalanced test days, and received high dose of alcohol (targeted breath alcohol level of 100 mg%), low dose of alcohol (targeted breath alcohol level of 40 mg%) and placebo (saline). Participants were instructed to not eat the night before and all reported compliance with this procedure. All test days were conducted on the Biological Studies Unit at the VA Connecticut Healthcare System in West Haven, CT. Before the start of any laboratory procedures all participants completed baseline personality measures.
Ghrelin levels
Ghrelin levels are reported as acyl ghrelin (AG)-considered active as ghrelin's action is a result of AG binding to the growth hormone secretagogue receptor (GHSR) Type 1a (Kojima et al., 1999) . Plasma samples were collected when subjects arrived on the unit, and at additional 3 time points during the test day (for full procedure see Ralevski et al., 2017) . The current study examined only baseline, fasting ghrelin levels. Samples were analyzed using Elisa kits for acyl (AG) (#EZGRA-88 K, Millipore) human ghrelin.
Personality measures
Behavioral Inhibition, Behavioral Activation, and Affective Response to Impending Reward and Punishment (BIS/BAS) scale was used to evaluate sensitivity to reward and punishment. The BIS/ BAS is a self-report measure consisting of 20 items, rated on a 4-point scale. The responses range from 1 = 'very true for me' to 4 = 'very false for me'. The BIS scale evaluates the sensitivity to potential punishment and the BAS scale measures sensitivity to reward. The BAS contains three lower order factors that measure Drive, Fun Seeking and Reward Responsiveness. Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995) was used to measure the trait of impulsiveness. The BIS-11 is a self-report measure consisting of 30 items, rated on a 4-point scale. The responses range from 1 = 'rarely/never' to 4 = 'almost always/always'. The scale consists of three secondorder and six first-order subscales. The three second-order subscales include: Attentional Impulsiveness (making quick decisions), Motor Impulsiveness (acting without thinking) and Non-planning (lack of 'futuring' or forethought). The second-order subscales are derived from six first-order subscales: Attentional Impulsiveness consists of attention and cognitive instability, Motor Impulsiveness consists of motor impulsiveness and perseverance, and Non-planning consists of self-control and cognitive complexity.
Data Analysis
Data were analyzed in SPSS version 21 using ANOVA for continuous variables, and chi square for categorical variables. Pearson correlations were calculated to explore the relationship between fasting ghrelin and personality characteristics. All tests were two-sided at 0.05 level of significance.
RESULTS
Demographic characteristics
The demographic characteristics of the sample have been reported previously (Ralevski et al., 2017) . The sample consisted of mostly Caucasian (n = 14), college educated (mean years of education = 16.3, SD = 1.3) men (n = 12) and women (n = 8), with an average age of 24.3 (SD = 1.8), who drank on average on 7.15 (SD = 4.3) days out of the last 30 days and had about 3.3 (SD = 1.4) drinks on a single occasion.
Fasting ghrelin levels
Given there were no significant differences in AG levels between test days, an average value of all three test days was used as a baseline fasting value. The distribution of overall fasting AG levels in this study was wide with an average of 176.64 (SD = 138.79) and a range from 17.67 to 495.47.
Personality
The means and standard deviations for each outcome personality measure and individual subscales are listed in Table 1 . The same table contains normative data for comparison. Normative data for the BIS/BAS was selected from the seminal paper that presented convergent and discriminant validity of the scale (Carver and White, 1994) . Similar values have been more recently reported by others among college students (Carlson et al., 2013) . For the BIS-11 normative data was taken from a large study of college students (Stanford et al., 2009) . When compared to normative data the scores for each scale in this sample of participants are comparable indicating that our sample is within the normative range for reward sensitivity and impulsivity.
Relationship between fasting ghrelin and personality AG levels were significantly related to BAS reward (r = 0.522, P = 0.02) but not BIS punishment (r = −0.174, P = 0.4) scores suggesting that those with higher ghrelin levels were more sensitive to reward but less sensitive to punishment. AG levels were also significantly related to the second-order Non-planning subscale of the BIS-11 (r = 0.557, P = 0.003) mainly driven by the strong relationship with the self-control first-order subscale (r = 0.597, P = 0.007) suggesting that those with higher ghrelin levels reported lower selfcontrol that would make future planning for those individuals more difficult (Table 2 ). Higher fasting ghrelin levels were related to Motor Impulsiveness (r = 0.323, P = 0.1, and r = 0.383, P = 0.1) although this relationship (probably due to the small sample size) did not reach statistical significance. There was no significant relationship between fasting ghrelin and the Fun Seeking or Drive aspects of reward sensitivity. The same was true for the lack of relationship between fasting ghrelin and Attentional Impulsiveness (making quick decisions) (Table 3) .
DISCUSSION
This is the first study to report on the direct relationship between fasting AG levels and personality characteristics such as reward sensitivity and impulsivity among healthy social drinkers. In this small sample of participants, we found a strong relationship between fasting ghrelin levels and aspects of both reward sensitivity and impulsivity. More specifically, those with higher AG levels were more sensitive to reward (BIS/BAS). They were also less able to exercise self-control (BIS-11), and, there was a trend that they were more likely to act without thinking. There was also no significant relationship between the Fun seeking, Drive or Punishment subscales and AG levels. Also, Attentional impulsivity (making quick decisions) was not significantly related to AG levels. Consistent with the literature showing relationships between ghrelin and reward, our findings indicate that individuals with higher levels of ghrelin are more sensitive to reward and less sensitive to punishment. These results confirm past studies showing links between higher ghrelin levels and reward for food (Goldstone et al., 2009; Kroemer et al., 2012; Beaver et al., 2006) as well as alcohol (Ralevski et al., 2017) and further implicate the role of ghrelin in reward mechanisms. For example, in both animals and humans central and peripheral ghrelin administration stimulates food intake and is related to subjective hunger. Circulating ghrelin levels increase before a scheduled or spontaneous meal and decrease shortly after a meal (Cummings et al., 2001; 2004) Chronic administration of ghrelin increases body weight and blockade decreases body weight in animals.
Alcohol administration studies with healthy subjects (Poppit et al., 1999) and obese individuals (Westerterp-Plantenga and Verwgen, 1999) show that acute alcohol intake decreases ghrelin levels within 15 minutes after intake (Calissendorff et al., 2005 (Calissendorff et al., , 2006 Zimmermann et al., 2006) . Studies with alcohol dependent (AD) subjects showed that abstainers have higher levels of ghrelin than controls (Kim et al., 2005; Kraus et al., 2005) there is a positive relationship between ghrelin levels and abstinence, active drinkers have reduced levels of ghrelin (Kraus et al., 2005; Addolorato et al., 2006; Badaoui et al., 2008) , and there is a positive relationship between ghrelin levels and craving.
Findings that higher ghrelin levels were also associated with a significantly decreased ability to exercise self-control and a trend towards the increased likelihood of acting without thinking are similarly consistent with our hypotheses. We predicted individuals with higher fasting ghrelin levels would show relatively greater impulsivity traits, given past research showing positive correlations between ghrelin and traits of impulsivity (Galanti et al., 2007; Engel et al., 2005) as well as associations between higher ghrelin levels and impulsive acts such as suicide (Atmaca et al., 2006) . Some but not all aspects of reward sensitivity and impulsivity were found to be related to ghrelin levels. Specifically, no significant relationships were found between ghrelin levels and Fun seeking or Drive subscales of reward sensitivity. However, in past studies using college student populations, it has been shown that Fun seeking subscales were related to alcohol consumption (Carver and White, 1994; Carlson et al., 2013) .
Measures of impulsivity and reward sensitivity have been shown to have a considerable overlap with the construct of obsessivecompulsive craving (often measured using the Obsessive-Compulsive Drinking scale, OCDS). The OCDS was not administered in this study since this was a sample of social drinkers who drank on 7 days per month and consumed about three drinks per occasion. Since the likelihood of them experiencing any alcohol craving was probably slim to none we felt that the potential measurement overlap was negligible.
Results from this study highlight the importance of further investigating the role of ghrelin in reward systems and impulsiveness. Future studies could benefit from larger sample sizes and comparisons to other clinical populations to increase the generalizability of our results. Specifically, this current study used only healthy social drinkers and future research should incorporate comparisons of this sample to those with eating disorders, alcohol use disorders or suicidal individuals to better understand the relationship between ghrelin levels and reward sensitivity/impulsivity in different contexts.
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